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.2012.08.Abstract Nesting biology of the nomiine bee, Nomia (Acunomia) chalybeata Smith, was studied in
Iriomote Island, Japan (N2415–250) in 2003 and 2004. Its nesting period extended for 6 months
from around the end of April to October. The nest aggregation was found in clay soil under shady
conditions. Twenty nests/m2 were present at the highest density spot. Brood numbers in solitary
nests were 5–20 (mean ± SD: 11.8 ± 4.7, n= 14), and in communal nests 12–101 (43.0 ± 41.0,
n= 3). Each brood cluster in communal nests contained 0–32 brood cells (10.1 ± 8.0, n= 13), sug-
gesting that each cohabitant provisioned independently own brood cells. At least 2 and partially 3
generations were estimated to occur in the year; however each nest produced simultaneously non-
diapausing and diapausing prepupae. The percent rate of diapausing prepupae differed seasonally,
and was 20.0–37.5% (30.3 ± 7.5%, n= 3) in overwintered generation and 0–100% (50.0 ± 39.8%,
n= 9) in ﬁrst generation, suggesting that the rate of production of dormant prepupae increasedpartment of Plant Protection,
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92 Md. Abdul Hannan et al.toward the later activity season. Production of the diapausing prepupae may function potentially to
inhabit widely throughout different climatic zones. Female ratio (females/females + males) in over-
wintered generation was 0.347 (50/144). Nest architecture, occurrence of communal nests and
breaking of prepupal diapause are also mentioned.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
The genus Nomia is composed of 6 subgenera and 111 species,
recorded from all over the world (Michener, 2007). Many
Nomiinae are solitary, but communal nesting has been re-
ported for different genera and subgenera (Batra, 1966; Wcislo
and Engel, 1996; Michener, 2007). Nomia (Acunomia) chalybe-
ata Smith, formerly has been reported as N. pavonula Cocke-
rell in Japan, is a multivoltine medium-sized bee. Females
can attain about 12.0 mm in body length and males about
12.5 mm with emerald green stripes on the metasomal terga.
The discovery of the nests of N. chalybeata is the ﬁrst record
from Iriomote Island, although this species is commonly dis-
tributed in other Japanese subtropical islands, e.g. Amami,
Ryukyu and Sakishima islands (N28320–N24150) (Hirashi-
ma, 1989). The distribution of this species is also known from
the Korean Peninsula, Taiwan, China, Myanmar and India
(Ascher and Pickering, 2012).
Unfortunately, the biology of the genus Nomia has not been
studied much except for some species, e.g., N. (A.) melanderi
Cockerell (Bohart and Cross, 1955; Batra, 1970; and many
others), and hitherto, no records of N. chalybeata have been
published. The present paper deals with the nesting biology,
the simultaneous occurrence of non-diapausing and diapausing
prepupae within the same population, and prepupal dormancy
in Iriomote Island, southernmost subtropical Japan. A brief
comparison of the bionomics was also presented between
N. chalybeata and temperateN. (Hoplonomia) incerta (Gribodo)
(formerly called as N. punctulata Dalla Torre) (Masuda, 1943;
Hirashima, 1961; Okumura, 1966; Iwata, 1975).
2. Materials and methods
2.1. Nesting period
Two nesting sites of N. chalybeata were found in Iriomote
Island (N2415–250). All observations were conducted from
March 2003 to March 2005. The nesting aggregation was vis-
ited twice a week or every alternate day. The newly identiﬁed
nests were marked with numbered vinyl tapes.
Active nests were identiﬁed by observing the nest entrances
or the adult departing from/returning into it. Around the nest
entrance there were fresh tumuli during early days of nesting
activity, but later rainwater washed the tumuli away. A fresh
tumulus was a useful sign of a newly founded nest.
2.2. Nest excavation and nest contents
A total of 17 nests were excavated during the years of 2003 and
2004. To excavate the nests, powder of plaster-of-Paris was
blown into the burrow with a syringe in order to trace its route.
Details were recorded during excavations, e.g., nest layout,
nest entrance, depth of burrow and other relevant matters.As excavation was completed, the nests were brought to the
lab and further dissected for recording ﬁner details. Prepupae
obtained from cell clusters in 2003 were kept in petri-dishes in
a temperature-uncontrolled room to record further develop-
ment and to conﬁrm their state of diapausing.
2.3. Brood numbers per nest
The number of broods was expressed by brood cells in which
immatures were present, and adults had emerged. In empty
brood cells feces of full-grown larvae and exuviae of pupae
were left.
2.4. Sex ratio
Sex ratio of N. chalybeata was examined on the overwintering
generation. Eclosed adults obtained through the experiment of
breaking diapause were used.
2.5. Breaking prepupal diapause
In temperate bee species, the diapause of overwintering stages
can be broken by subjecting them to low temperatures (Maeta
et al., 2009). ‘‘Low temperatures’’ basically mean those that
are lower than the usual temperature at commencement of
foraging activity of adult bees. Flying of N. chalybeata began
at around 24 C on sunny days. To obtain dormant prepupae
nests were excavated on November 13 and 14, and sent to the
entomology lab, Shimane University, Matsue, Japan on
November 17, 2003; where the experiments were conducted.
There the prepupae were kept at 20 C until November 25,
2003; then they were subjected to three low temperatures (15,
18 and 21 C) for 60 and 90 days. For each treatment, 21–24
prepupae were used. Those pupated individuals were regarded
as free-dormant. To prove low temperatures were essential to
break prepupal diapause, nine dormant prepupae were incu-
bated at a higher temperature (24 C). Those stored under
three low temperatures and incubated at 24 C were carried
out under dark condition.
3. Results and discussion
3.1. Nesting sites
Two nesting sites were found in Iriomote Island; one located
along the roadside near Sonai, and another beside a busy road
at Funaura near the Tropical Biosphere Research Center, Irio-
mote Station, Ryukyu University. At the ﬁrst nesting site (A),
nests were distributed at the foot of a hillock. They were
located alongside a muddy road. It was less disturbed, where
rarely vehicles run. At the beginning of season the nests were
concentrated in a small place under a bush of ferns and other
plants at the southern part of the road, which was under the
Figure 2 A nest entrance, showing hardened tumulus around the
entrance by over ﬂown rainwater.
Figure 1 Nesting site showing nests with tumuli that are
associated with small grasses and ferns.
Nesting biology and life cycle of Nomia (Acunomia) chalybeata 93shade of big trees (Figs. 1 and 2). This site was calm, less used
and dark, i.e., no direct sunlight fell over the nests. The nests
were situated from the edge of the road up to 1.5 m into the
forest where the farthest nests became difﬁcult to recognize,
because they were under dense vegetation and under several
cm of dry/rotten leaf litters. There was little elevation in the
nesting area (about 30 cm) aside from the road level. Some
of the nest entrances were exposed but many were hidden un-
der dry leaf litters, where a very obscure entrance was located
by careful observation at the time the bee entered. The nests
were limited to an area of 7 m · 1.5 m. At the end of the season
some nests were observed on the opposite side of the road,
which was shady, but of a low elevation or nearly plain and
had different types of vegetation, principally ﬂowers ofWidelia
trilobata (Compositae).
The second nesting site (B) was beside the guard rail of a
road and was about 1 m wide and 5 m in length. This site
had the same general conditions, but at midday for about an
hour it received direct sunlight, although the nests were still
under the shade of W. trilobata and did not receive direct
sunlight. Despite these nesting aggregations, there were no
other nesting sites nearby or in that area at that time.
To determine any changes to the nest aggregation, they
were counted three times over the whole season at nesting site
A. The nests recorded at the beginning, middle and end of the
season were 40 (June 18, 2004), 59 (37 active nests, July 16) and
60 (21 active nests, September 1), respectively. At the ﬁrst
count at nesting site A on May 10, 2003 there were 37 nests.
During the peak of nesting season at nesting site A, there
were 20 nests/m2 and the distance between two adjacent nests
were 6.7 ± 3.8 cm (n= 4).
3.2. Life cycle and relevant bionomic matters
Nomia chalybeata is multivoltine, and each generation pro-
duced simultaneously non-diapausing and diapausing prepu-
pae within the same nests, as described below (also see
Section 6). Partial bivoltine N. incerta, belonging to the differ-
ent subgenus Hoplonomia, is also compatible to occur both
types of prepupae within the same population (presumably
within the same nests) (Masuda, 1943). The last generation
of both species produced obligatorily only dormant prepupae,
as for overwintering.Nesting started around the end of April and continued till
October (ca. 6 months). Flying adults on ﬂoral plants were ob-
served from mid April to mid October in this island. Female
bees foraged throughout the day, when weather was ﬁne.
Developmental duration (mean ± SD) of immature stages
was examined only for pupae. It was 17.2 ± 1.0 days
(n= 16) for females and 16.2 ± 1.5 days (n= 24) for males
in a temperature-uncontrolled room in Iriomote Island.
Presumably, non-diapausing prepupae of N. chalybeata pass
a few days to transform to pupae, as in N. incerta
(Masuda, 1943).
In N. incerta, overwintered generation (G0) had a ﬂying
period from mid to late July, and the ﬁrst generation (G1) from
August to September, and continued their nesting activity until
the end of October (ca. 2 months) in Yamanashi Pref. (Masu-
da, 1943). Total developmental duration from egg to adult in
non-diapausing G1 female of N. incerta was 28.1 days; where
only 3.4 days for prepupae and 16.0 days for pupae (Masuda,
1943). In basically univoltine temperate N. melanderi, the
developmental durations of eggs and the ﬁrst larval instar to
prepupae reared under constant temperature of 23–24 C aver-
aged 6 days and 14.9 days, respectively (Stephen, 1966). Mean
duration of post-diapausing prepupae and pupa under 23 C
was 55.6 days and 22.5 days for females, and 54.0 days and
22.7 days for males (Stephen, 1965). Total durations under
23 C become ca. 100 days in N. melanderi. We did not have
enough data to estimate precisely the duration of one genera-
tion of N. chalybeata; however, 2 months or slightly more seem
to be reasonable for the development of immatures and subse-
quent adult life-span to complete one generation. Our observa-
tions showed that the adult ﬂying period covered about
6 months. This seasonal activity roughly correlates with at
least two, partially three generations each year. The sequence
could be described as –start in April continues – through
May/June, June–July/August and August–September/
October.
Nomia chalybeata is a typical polylectic bee species. A total
of 989 individuals were collected on 28 species and 23 families
of ﬂoral plants in Iriomote Island. Among these plants, Antig-
onon leptopus (Polygonaceae), Schima wallichii (Theaceae),
Murraya paniculata (Rutaceae), Meliosma oldhamii (Sabia-
ceae), Melastoma candidum (Melastomataceae), Vitex rotundi-
folia (Verbenaceae), V. trifolia (ditto) and Peucedanum
Figure 3 A typical brood cell cluster (Nest no. 11) excavated in
2003; Plant roots are seen attached with brood cell cluster that
help as pillars to support it.
Figure 4 An egg placed on the top surface of a pollen ball.
Figure 5 A young instar larva inside the brood cell.
Figure 6 A full-grown larva (5th instar) that has exhausted all of
pollen ball.
Figure 7 Longitudinal section of a typical brood cell closed with
two layers, the upper layer composed of hard soil and the lower of
loose soil. The rear surface of plug is coated with thin layer of
silken web secreted by the full-grown larva.
94 Md. Abdul Hannan et al.japonicum (Labiatae) were dominantly visited by N. chalybeata
(Maeta et al., 2010). Buzz pollination by N. chalybeata was
determined from direct observation of foraging bouts on the
ﬂowers of M. candidum.
Female ratio (females/+females + males) was only exam-
ined on the overwintered generation. It was 0.347 (50/144),
showing clearly male biased sex ratio (Table 3). Sex ratio of
N. incerta differed by generations. It was female biased in
non-diapausing G1 (0.584, 52/89) and male biased in G0
(0.336, 38/115) (Masuda, 1943).
3.3. Nest architecture
Nest structure of N. chalybeata was basically similar to that of
N. incerta (Masuda, 1943; Hirashima, 1961; Okumura, 1966),
although both species belong to different subgenera. The nest
structure is quite different from that of consubgeneric N. mel-
anderi. In N. chalybeata brood cells were enclosed within a cav-
ity as described below, while in N. melanderi, the nest consists
of a vertical main burrow leading to one or two groups of
vertical cells, each of which is joined to a horizontal branch
by a short vertical burrow or lateral (Batra, 1970). However,
Michener (2007) suggests that the subgenus Acunomia is highlyvariable and may be paraphylectic group that should be
subdivided. General features of nests of N. chalybeata are sum-
marized as follows.
The size of nest entrance was 7.8 ± 1.2 mm (n= 37) in
diameter, which was surrounded by a tumulus (3.8 ± 1.1 cm
Table 1 Nest contents in solitary and communal nests of Nomia chalybeata excavated in 2003 and 2004.
Generationa Date of
excavation
Nest no. or
nest-cluster no.b
No. of living immature and adultc No. of dead
immaturesd
No. of empty
brood cellse
Total brood
cellsf
Ce Cp E L Pp P A
In 2003
G0 June 23 1 1 4 5
G0 June 23 2–1
* 1 3 3 5 12
2–2* 1 1 0 0
G0 July 9 4 3 6 9
G1 August 1 5 2 4 1 0 7
G1 August 26/27 11–1
* 1 5 7 13
G1 August 26/27 11–2
* 25 7 32
G1 August 26/27 11–3
* 4 4 1 9
G1 August 26/27 11–4
* 1 2 3
G1 August 26/27 11–5
* 11 4 15
G1 August 26/27 11–6
* 1 4 5 10
G1 August 26/27 11–7
* 6 1 6 13
G1 August 26/27 11–8
* 6 0 6
Total 1 1 8 5 64 4 1 9 43 134
In 2004
G0 June 14 2
 2 8 10
G0 June 14 4 2 7 2 1 6 18
G0 June 21 5 2 17 19
G0 June 26 7
 3 2 3 8
G0 June 30 11 1 5 4 10
G0 June 30 12–1
* 14 0 14
G0 June 30 12–2
* 1 1 2
G0 July 8 14
 1 4 7 0 12
G0 July 8 15 12 0 12
G1 July 23 16 2 1 17 0 20
G1 July 23 17 15 0 15
G1 July 30 18 10 4 0 14
G1 July 30 19 2 4 6
Total 3 13 92 2 3 4 43 160
a G0:Overwintered generation. G1: First generation.
b Communal nests are shown with an asterisk, judged indirectly from the number of cell clusters in these nests, if foundresses were not found. Those nests in which founding bees were captured at
excavation are indicated with a dagger. Each brood cell cluster is tentatively regarded as an independent nest.
c Ce: Empty brood cell. Cp: Being provisioning. E: Egg. L: Larva. Pp: Prepupa. P: Pupa. A: Callow adult.
d All dead by pathogenic fungus. No dead prepupae and pupae were found, but three pupae out of four dead immatures were destroyed by an ant species in nest no. 18, 2004.
e Empty brood cells in which adults left nests. Feces of the full-grown larvae and pupal exuviae remained in brood cells.
f No immature brood cells were excluded.
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Figure 8 Nest no. 11 (communal), excavated in 2003, consisting
of 8 brood cell clusters, supposedly founded by 8 nestmates, and
each burrow is connected to the common main burrow. The main
burrow directly opens to the central hole of the cavity that
enclosed one of the brood cell clusters. Only one of the brood cell
clusters 11–5 is drawn and other 7 are skipped to draw in this
ﬁgure. Cavity that enclosed the brood cell cluster is omitted to
draw in Figs. 9–11. The dotted circles are the images of the brood
cells below.
Figure 9 Nest no. 12 (communal), excavated in 2004, with 2
foundresses, using one common entrance. Two brood cell clusters,
one behind the other.
Figure 10 Nest no. 15 (solitary), excavated in 2004, in which 12
brood cells are arranged to form a single layer.
Figure 11 Nest no. 11–2 (one of brood cell clusters of the
communal nest no. 11), excavated in 2003, in which 32 brood cells
were arranged to form double layers. The cells 31 and 32 were
under the upper layer cells 28, 29 and 30.
96 Md. Abdul Hannan et al.in diameter, n= 14). A single burrow with 5–150 cm of depth
(mean ± SD: 130.6 ± 77.8 cm, n= 16), and 7.8 ± 1.4 mm
(n= 37) of diameter excavated nearly vertically, but often
with a very slight curve, so it was not perfectly straight down.
It usually connected to the upper lateral margin of the nest
cavity, which enclosed the brood cell cluster (Figs. 8–11).
The inner wall of the burrow was smooth and an almost
homogeneous hollow space throughout the whole length of
it. The shape of the brood cell clusters was round or oval(Fig. 3). The brood cell cluster was supported with several
mud pillars, and/or plant roots (Fig. 8). The space between
the outer surface of the brood cell cluster and cavity was
5.0 ± 1.4 mm (n= 6). The brood cells oriented inside the
brood cell cluster in an upward direction, and arranged slanted
at about 70–80 angle inward. The sizes of brood cluster
differed by the number of brood cells involved in it. Approxi-
mate sizes were 68.4 ± 16.9 mm (n= 12) in long axis,
51.8 ± 10.0 mm (n= 12) in short axis, and 42.3 ± 6.9 mm
(n= 16) in height.
In most cases, the brood cells were arranged to form a sin-
gle layer in the brood cell cluster (Fig. 10), but rarely double
layered also occurred as shown in one nest (11–2, Table 1) of
a communal nest (Fig. 11). The brood cells were semi-oval
shaped (Fig. 7), and their sizes were as follows: Length of cell
from the bottom to constricted part: 24.1 ± 3.2 mm (n= 40);
Nesting biology and life cycle of Nomia (Acunomia) chalybeata 97Diameter of brood cell at the largest part: 6.8 ± 0.8 mm
(n= 8). Each completed brood cell was compactly closed with
soil after oviposition. Two cover layers were recognized, an
outer tough soil cover (3.2 ± 1.7 mm, n= 8) and an inner
loose soil cover (9.1 ± 1.9 mm, n= 8). The inner wall of cell
was smooth and coated with a secretion from dufour’s gland,
as in other nomiine bees (Batra, 1970). Some brood cells were
ﬁlled with loose soil, which could be ﬁlled with the soil dug
from new cells. Distance between two neighboring brood cells
was 2.8 ± 0.3 mm (n= 6).
The pollen balls were spherical, pill-shaped, and placed in
the brood cell horizontally at the bottom. The size was
7.2 ± 0.9 mm in long axis, 7.1 ± 0.8 mm in short axis and
4.6 ± 0.6 mm in height (n= 7). Egg was about 4 mm in
length. It was placed on the top surface of the pollen ball,
attaching the frontal and distal ends on the pollen ball
(Fig. 4). The pollen ball shown in the ﬁgure was tumbled in
the brood cell during transportation to the lab. Larva began
to eat the pollen ball soon after it hatched (Figs. 5 and 6).
Feces defecated by the full-grown larva was deposited on the
bottom of the cell. The brood cells, in which prepupae and pu-
pae were present, silken web was recognized on the rear surface
of the brood plug, implies that it was secretion from the mouth
parts of the ﬁnal (5th) instar larva (Fig. 7).
3.4. Brood numbers per nest
Brood numbers in the nests excavated in 2003 and 2004 were
5–20 (mean ± SD: 11.8 ± 4.7, n= 14, Table 1) in solitary,
and 12–101 (43.0 ± 41.0, n= 3, Table 1) in communal nests.
Each brood cell cluster in communal nests contained 0–32
(10.1 ± 8.0, n= 13) brood cells. No signiﬁcant difference
was recognized in the number of brood cells/cluster between
solitary and communal nests (p> 0.05, t-test), showing that
each cohabitant in communal nests provisioned own brood
cells independently. We could not conﬁrm the nest re-use byTable 2 Percent rate of diapausing prepupae in the solitary and co
Generation Date of
excavation
Nest no. or
nest-cluster
no.a
Total no.
of broods
No. of em
adults in
2003bA
Over-wintered June 23 1 5 4
June 23 2–1* 12 5
July 9 4 9 6
First August 1 5 7 5
August 26/27 11–1* 13 7
August 26/27 11–2* 32 7
August 26/27 11–3* 9 1
August 26/27 11–4* 3 2
August 26/27 11–5* 15 0
August 26/27 11–6* 10 5
August 26/27 11–7* 13 6
August 26/27 11–8* 6 0
a Communal nest is indicated with an asterisk. Each brood cluster is te
b Represented by the number of pupae, newly emerged adults, and emp
c Represented by the number of prepupae remained in diapause. Percen
A + B.
d Only few prepupae of which eclosion was recorded.
e Immatures except for prepupae and pupae.
f Empty brood cells in which adults left nests. Feces of the full-grownN. chalybeata throughout the present study, but it is expected
to be there. In N. incerta the re-use of main burrow and also
brood cells are known (Masuda, 1943; Hirashima, 1961;
Okumura, 1966). Masuda (1943) reported that the re-use rate
of old brood cells attained up to 47.9% (68/142). The occur-
rence of communal nests may closely relate to the re-use of
maternal nests, as in Lipotriches yasumatsui (Maeta and
Sakagami, 2011). The brood cell numbers in consubgeneric
solitary N. melanderi average 15–20 (Bohart and Cross,
1955). In N. incerta, the range and mean values of the brood
numbers/brood cell cluster, including solitary and communal
nests, were reported as follows: 3–36 and 7 in Fukui Pref.
(Okumura, 1966); 1–17 and 6.2 in Yamanashi Pref. (Masuda,
1943). From excavation of nests in 2003 and 2004, 3 communal
nests were found (17.7%, 3/17). The ﬁrst one (nest no. 2, 2003,
Table 1) had a single nest entrance with two separate nests.
One had two brood cell clusters, where one contained a pollen
ball and another was empty; and the other had 12 brood cells.
No adult was captured from these nests. The second one (nest
no. 11, 2003, Table 1, Fig. 8) was a big aggregation. From out-
side only one nest entrance was found, which ramiﬁed into
eight individual burrows at a depth of 2–3 cm from the surface
of the ground. Eight separate brood cell clusters were recog-
nized within an area of about 30 cm2 (Fig. 8), however, no
nestmates were captured in this communal nest. A total of
brood cell numbers of eight clusters were 3–32 (mean ± SD:
12.6 ± 8.2), showing that the brood numbers of each cluster
similarly correspond to that of solitary nests. These brood cell
clusters seem to be constructed independently by each nest-
mate. However, one of the nestclusters (11–2) contained as
many as 32 brood cells, arranging them to form double layers.
This cluster was possibly constructed jointly by two nestmates,
suggesting the incipient occurrence of semisociality in N. cha-
lybeata. From this nest no foundress was captured. The third
one (nest no. 12, 2004, Table 1, Fig. 9) had two foundresses,
two brood cell clusters, and used one common entrance.mmunal nests of Nomia chalybeata excavated in 2003.
erged Month adults
emerged
No. of
immaturese
No. of empty
brood cellsf
2004 (%)cB 2003d 2004 Living Dead
1 (20.0) – IV 0 0 4
3 (37.5) – IV 4 0 5
3 (33.3) VIII IV 0 0 6
0 (0) VIII 2 0 0
5 (41.6) – IV 1 0 7
25 (78.1) IV 0 0 7
4 (80.0) IV 4 0 1
0 (0) – 1 0 2
11 (100) IV 0 4 0
0 (0) – 1 4 5
6 (50.0) – IV–V 0 1 6
6 (100) IV 0 0 0
ntatively regarded as an independent nest.
ty cells in which adults left nests.
t rate of dormant prepupae is shown in parentheses. Obtained by B/
larvae and pupal exuviae remained in brood cells.
98 Md. Abdul Hannan et al.Nomia chalybeata is a facultative communal bee, each
foundress seems to construct its own single brood cell cluster
separately as mentioned above. The in-nest behaviors among
cohabiting females were not observed, but all owners foraged
for own progeny. In N. incerta, communal nests were also re-
ported by Masuda (1943), Okumura (1966) and Iwata (1975).
The number of brood cell clusters attained up to 5/communal
nest, and the occurrence rate of communal nests was relatively
high, 57.1% (4/7). Each communal nest contained 2–7 foun-
dresses (n= 7, Okumura, 1966). Masuda (1943) mentioned
that each founding bee constructed separately its own brood
cell cluster in N. incerta.
Vogel and Kukuk (1994) studied the foraging effort of the
facultative social nomiine bee, Lipotriches (Austronomia) aus-
tralica (Smith) (described as Nomia (Austronomia) australica)
nests of which consisted of one to 3 females. They reported
that all of them foraged for the nests. L. (Lipotriches) yasumat-
sui may not simply be a communal bee, but had some division
of labor among nestmates (Maeta and Sakagami, 2011). Semi-
social behavior was also reported in Indian nomiine bees, N.
capitata Smith and N. oxybeloides Smith (Batra, 1966). De-
tailed nesting behaviors of N. chalybeata are however, needed
to be studied through future endeavor.
3.5. Natural enemies
A total of 17 nests were excavated in 2003 and 2004. However, a
few nest associate was found in those nests. Dead immatures
(eggs and larvae)were conﬁrmedby pathogenic fungus. The per-
cent rate of dead immatures by infestation of pathogens in 17
solitary and communal nests was only 4.4% (13/294, Table 1).
In nest no. 1, 2004 (not described in Table 1), an earth worm
was found and one brood cell was damaged by it. In nest no.
18, 2004, intrusion of an ant species was observed, and 3 pupae
were destroyed by ants (total number of brood cells was 14).
3.6. Simultaneous occurrence of non-diapausing and diapausing
prepupae within the same nests
Nomia chalybeata overwinters at prepupal stage. A total of ﬁve
nests were excavated from June to August in 2003 to examineTable 3 Precent rate of prepupae of Nomia chalybeata of which d
temperatures (15, 18 and 21 C) a.
Duration (days)
of subjection
Temp. (C)
subjected
Days from prepupa to pupa (A) and
A (n)
Female Male
60 15 38.0 ± 5.6(6) 54.1 ± 17.4(17)
18 43.2 ± 16.5(9) 57.8 ± 20.5(14)
21 46.3 ± 24.4(6) 66.9 ± 18.4(17)
90 15 27.1 ± 4.3(12) 30.5 ± 10.6(12)
18 26.0 ± 7.3(10) 27.8 ± 9.2(13)
21 40.3 ± 8.4(4) 40.4 ± 14.3(17)
– 24 145.7 ± 10.4(3) 131.3 ± 10.4(4)
a Nests were excavated on November 13 and 14, 2003, and prepupae w
were kept at 20 C until subjection was commenced. Subjected prepupae
b Days for development was obtained from the start of incubation.
c Pupated individuals were regarded as prepupal diapause was broken.
d No death of prepupal stage occurred.the state of dormancy in prepupae. Each brood cell cluster in
communal nests is tentatively regarded as an independent nest
in Tables 1 and 2. The rate of diapausing prepupae was tenta-
tively calculated by B/B + A (B: Number of prepupae re-
mained in diapause; A: Total number of pupae, newly
emerged adults and empty brood cells in which adults left
nests). Three types of nests relating to the state of prepupae
were recognized (Table 2); producing (1) only non-diapausing
prepupae (3/12), (2) simultaneously non-diapausing and diap-
ausing prepupae (7/12), and (3) only diapausing prepupae (2/
12). The percent rate of dormancy in prepupae was 20.0–
37.5% (30.3 ± 7.5%, n= 3) in overwintered generation and
0–100% (50.0 ± 39.8%, n= 9) in ﬁrst generation.
The dormant rate of prepupae seemed to increase by
synchronizing with the advancement of generations,
although our data were insufﬁcient to analyze this clearly.
As a matter of fact, the prepupae in the nests excavated
in November 13 and 14, 2004 (mostly progeny of the third
generation) were all dormant (Table 3). Overwintered pre-
pupae emerged in April of the next year, irrespective of
bee generations. Basically, foundresses of N. chalybeata
seem to produce simultaneously non-diapausing and diapa-
using prepupae, except for the last generation of which all
progeny enter an obligatory diapause. Compatibility of
both non-diapausing and diapausing prepupae within the
same population is not known so far in bee species. The
simultaneous occurrence of non-dipausing and diapausing
prepupae within the same nests had already been reported
in temperate N. incerta (Masuda, 1943). However the ratio
of both prepupae in the ﬁrst generation was not mentioned
by him. In N. melanderi, voltinism is temperature depen-
dent and multiple generations appear to be controlled by
minimal temperature to which developing larva is exposed.
If soil temperature at the brood level fall below approxi-
mately 28 C, the larva will enter an obligatory diapause,
and if it is maintained above 29 C, the prepupae will pro-
ceed directly to a subsequent generation (Stephen, 1965).
Compatibility of both non-diapausing and diapausing pre-
pupae within the same population becomes to be known
so far in 2 nomiinine bee species, which belong to different
subgenera Hoplonomia and Acunomia.iapause was broken without (24 C) and with subjecting to low
pupa to adult (B)b Rate (%) of
diapause
brokenc (n)
Rate (%) of
mortality
of pupae d
B (n)
Female Male
16.8 ± 0.4(4) 16.0 ± 0.8(15) 100(23) 17.4
16.9 ± 0.6(7) 16.4 ± 0.7(8) 100(23) 34.8
17.0 ± 0.6(5) 16.6 ± 0.6(14) 100(23) 17.4
16.9 ± 0.5(10) 16.6 ± 0.8(9) 100(24) 20.8
18.1 ± 0.6(7) 17.2 ± 0.7(11) 100(23) 25.0
18.7 ± 0.9(3) 18.5 ± 1.0(11) 100(21) 39.1
19.3 ± 1.9(3) 22.8 ± 4.0(4) 100(9) 22.2
ere subjected to various temperatures on November 25, 2003. They
were incubated at constant 24 C.
Nesting biology and life cycle of Nomia (Acunomia) chalybeata 99Production of dormant prepupae in N. chalybeata is a
reproductive strategy. It might be beneﬁcial for their survival
so as to avoid unfavorable conditions, such as inclement
weather and ﬂower dearth, which might occur during very long
ﬂying season. Also, this species may have a potentiality to in-
habit widely throughout different climatic zones.
3.7. Breaking prepupal diapause
A group of bee species, occurring in temperate zone, overwin-
ter either at prepupal or adult stage, except for those species
that are perennial (Hoshikawa et al., 1992). Diapauses of all
prepupae of N. chalybeata, which were subjected to three
low temperatures (15, 18, 21 C) for 60 and 90 days, were bro-
ken. They encountered more or less lower temperatures before
the commencement of experiments on November 25, as mean
air temperatures began to decrease rapidly from November in
Iriomote Island. Moreover, they were kept at 20 C for ca.
10 days before subjection. Duration required from the start
of incubation to pupation (free dormancy) was shortened
according to an increase of subjection periods. Diapauses of
those prepupae subjected to 24 C without subjecting to low
temperatures were also broken, but it took enormous days
than those subjected to low temperatures. A relatively high
temperature of 24 C seemed functioned for breaking diapause
during a long period of subjection (Table 3).
In subtropical univoltine megachilid bee Megachile esakii,
occurred in Iriomote Island, whose prepupal diapause was
not broken at higher temperature (above 27 C) even if they
were subjected for half the year. The dormant prepupae of
N. chalybeata seem to remain in dormancy, if they were incu-
bated at these higher temperatures. We can conclude that the
effective low temperatures to break prepupal diapause in N.
chalybeata was 15–18 C and subjection for 90 days shortened
the prepupal development than for 60 days, as well as in sub-
tropical M. esakii (Maeta et al., 2009). Longer subjection to
these temperatures could hasten the development of free-
dormant prepupae in N. chalybeata.Acknowledgments
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